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(54) Method and arrangement for processing measurement data 



(57) This invention relates generally to the process- 
ing of measured data. Especially the invention applies 
to the binning procedure of data which is measured with 
a CCD (Charge-Coupled Device) sensor unit. The in- 
vention is preferably used in photometries for measuring 
radiation from samples on a well plate. It is the objective 
of the present invention to create a solution, in which a 
good signal-to-noise value is achieved, and the meas- 
uring results of the neighbouring sample wells can still 
be well separated. This objective is achieved in photo- 
metrics application by selecting the binning factor on the 
basis of position and size of sample wells on a well plate 
(530, 550). With the present invention it is possible to 
achieve a maximal signal-to-noise ratio, because all pix- 
els within the image area of one sample are accumulat- 
ed. However, since the pixels between the sample im- 
ages are not accumulated with the pixels within the sam- 
ple images (526, 546), the problem of interference be- 
tween samples can be avoided. 
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Description 

[0001] This invention relates generally to the process- 
ing of measured data. Especially the invention applies 
to the binning procedure of data which is measured with 
a CCD (Charge-Coupled Device) sensor unit. The in- 
vention is preferably used in photometries for measuring 
radiation from samples on a well plate. One purpose of 
the invention is to achieve improvement in signal-to- 
noise values of the measurements. 
[0002] CCD sensors are generally used in photomet- 
ries for measuring radiation, such as light, from samples. 
The samples are usually inserted into wells on a well 
plate in a photometries equipment. Figure 1 shows a pri- 
or art arrangement of a photometries device 100. The 
samples to be measured are inserted onto a well plate 
102. The samples may be excited with radiation from a 
lamp unit 104. The excitation radiation 106 is reflected 
by a beam-slitter mirror 108 onto the well plate. The 
lamp unit 104 is controlled to give radiation with a de- 
termined intensity. After a possible excitation, the radi- 
ation 110 from the samples is led to a CCD unit 120. A 
lense system 112 creates an image of the samples onto 
a CCD screen. The exposion period is controlled with a 
shutter 116. The radiation is further filtered with an emis- 
sion filter 114 in order to select the determined wave- 
length of radiation for the measurement. The lamp unit 
104, the shutter 1 1 6 and the CCD unit 1 20 are controlled 
with a control unit 1 30. The measurement process is fur- 
ther controlled by a computer unit 140. The computer 
unit also processes the output data of the measure- 
ments to achieve radiation intensity results. 
[0003] Figure 2 illustrates registers of a CCD unit 200. 
The CCD unit comprises a parallel register 21 0 that con- 
sists of a matrix of charge wells 211. As the surface is 
exposed to radiation, charges are formed into the 
charge wells according to the intensity of the radiation 
exposure. A charge pattern thus accumulates in the par- 
allel register. After the exposure the charge wells or "pix- 
els* of the matrix are read by shifting the charges at each 
row of the parallel register towards a shift register or "se- 
rial register - 220. After shifting the charges by one step, 
the charge wells of the shift register comprise charges 
of one column of the parallel register. The shift register 
is then read by shifting the charges at the shift register 
towards an output charge well or "output node" 230. Af- 
ter each step of shifting the output node is read. After 
all the charge wells of the shift register are read, the 
charges at the parallel register are further shifted by one 
step. The readout procedure is further repeated until the 
whole parallel register is read. The measurement data 
is thus converted into serial set of pixel charge values 
that present radiation intensities at the pixels. Figure 2 
also shows images of four samples 203 of a well plate. 
After processing the ouput data, an image can be 
formed where pixels within the sample image area 
present the radiation intensity of the corresponding po- 
sitions within the sample image. 



[0004] One problem in photometries is related to the 
fact that the intensity of the radiation is low and therefore 
the signal-to-noise ratio of the measurement data may 
be low. In order to increase the signaJ-to-noise ratio, bin- 
5 ning method is often used. Binning is a technique of 
combining charge from adjacent pixels during the read- 
out process. The charge is collected as described 
above, but the readout is programmed differently. With 
parallel binning, when charge is shifted from the parallel 

10 register into the shift register, charge is accumulated 
from two or more columns before the serial shifting be- 
gins. With serial binning, two or more charge packets 
are similarly accumulated in the output node before the 
charge is digrtalized and read out. 

is [0005] Binning is specified by a binning factor, which 
is the number of pixels to be combined on the CCD, for 
example "2x2 binning". If binning is used, the capacity 
of the shift register and the output charge well must be 
designed according to the total charge of the pixels that 

20 are accumulated in binning. 

[0006] Binning improves the signal-to-noise ratio and 
extends the dynamic range of the CCD imager, but at 
the expense of spatial resolution. Binning is thus useful 
in applications where resolution is not of primary con- 

25 cem. Because binning reduces the number of pixels to 
be processed and digitized, the readout speed is also 
increased. If, for example, 2x2 binning is used, the res- 
olution (number of pixels in the corresponding direction 
of the image) becomes half of the corresponding reso- 

30 lution without binning, and the signal-to-noise value be- 
comes twice as good as the correponding value without 
binning. This improvement of signal-to-noise value is re- 
lated to the noise from the parallel register of the CCD 
unit. However, the signal-to-noise value related to the 

35 readout noise improves even by the binning factor. Bin- 
ning has been advantageous in photometries, because 
there has been no need for obtaining a high resolution. 
[0007] There has been a requirement of increasing 
the measuring capacity by increasing the number of 

40 samples on a well plate. Therefore, instead of well plates 
with 8x12 wells there are now well plates with 32 x 48 
= 1536 wells, for example. The size of wells have ac- 
cordingly become smaller. Figure 3 shows a well plate 
302 with 32 x 48 wells 303 in an actual size. Figure 4 

45 further shows an image of 4 samples 403 on the surface 
of a CCD unit 400. Especially when the well plates with 
small wells are used there is a following disadvantage 
with the prior art binning method: When the distance be- 
tween the sample wells is small, the number of CCD 

50 charge wells 411 within the area between the samples 
is also small. In the example of Figure 4 there is only 3 
pixels between the sample images. If the binning factor 
is close to the number of pixels in that area, it is possible 
that radiation from a sample well affects the result of the 

55 neighbouring pixel well thus causing interference be- 
tween sample images. Therefore it is not possible to ad- 
equately separate the radiation of the neighbouring 
sample wells. Another problem is that it is not possible 
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to achieve an adequate signal-to-noise ratio from the 
radiation of the small samples in order to get accurate 
results in a moderate imaging time. 
[0008] It is the objective of the present invention to 
create a solution, In which a good signaJ-to-noise value s 
is achieved, and interference between the measuring 
results from different positions can still be avoided. This 
objective is achieved in photometries application by se- 
lecting the binning factor on the basis of position and 
size of sample wells on a well plate. 10 
[0009] The number of pixels that are accumulated 
preferably equals the number of pixels in within the sam- 
ple well image. Thus, if there are e.g. 15 pixels within 
the sample image row or column, they are preferably all 
accumulated in binning. The pixels that are outside the *S 
sample image area can be ignored. For example, in the 
arrangement of Figure 4 the pixels "A" would be parallel 
binned and the pixels "B a would be serial binned in the 
readout process. The rest of the pixels could be ignored. 
[0010] With the present invention it is possible to 20 
achieve a maximal signal-to-noise ratio, because all pix- 
els within the image area of one sample are accumulat- 
ed. However, since the pixels between the sample im- 
ages are not accumulated with the pixels within the sam- 
ple images, the problem of interference between sam- 2 $ 
pies can be minimized. 

[0011] The invention applies to a method for measur- 
ing radiation from an object with a charge coupled de- 
vice comprising a matrix of pixels arranged in rows and 
columns, in which method 30 

the radiation creates charges to the charge wells of 
the pixels, 

charges from a column of the pixels is shifted to a 
shift register, 35 
the charges in a shift register are shifted to an output 
charge well, 

- the charge is measured from the output charge well 
and 

- charges from at least two pixels are accumulated 40 
into the output charge well, 

characterised in that the pixels whose charges are ac- 
cumulated are determined on the basis of the position 
and the dimension of a detail in the object. 45 
[0012] The invention also applies to an arrangement 
for measuring radiation from an object comprising a 
charge coupled device with a matrix of charge wells ar- 
ranged in rows and columns of pixels, the arrangement 
comprising so 

- a shift register for receiving charges from a column 
of the parallel register pixels, 

output well for receiving charges from the shift reg- 
ister, ss 
means for measuring the charge from the output 
well and 

- means for accumulating charges from at least two 



pixels 

characterised in that the arrangement further comprises 
means for determining the accumulated pixels on the 
basis of the position and the dimes ion of a detail in the 
object. 

[0013] in the following, the invention is described in 
more detail by means of the attached drawings in which 

Fig. 1 illustrates a prior art arrangement for photo- 
metric measurements, 

Fig. 2 illustrates registers of a prior art CCD unit, 

Fig. 3 illustrates a well plate with a large number of 
wells, 

Fig. 4 illustrates an image of a well plate on a CCD 
surface and 

Fig. 5 illustrates a flow diagram of a method accord- 
ing to the invention for processing radiation 
measurement data. 

[0014] Figures 1 - 4 were explained above in the prior 
art description. In the following the invention is de- 
scribed in more detail referring to Figure 5. 
[0015] Figures illustrates a flow diagram of one meth- 
od according to the invention 500. The CCD unit is first 
exposed to radiation, 510. In the next phase 520 charg- 
es of the parallel register are shifted by one step/pixel. 
Thus one column of the parallel register is transferred 
to the shift register. If the pixel column that is transferred 
to the shift register is not from a sample image area, 
525, the shift register is cleared, 526, and phase 520 is 
then repeated. When pixels of a sample image are shift- 
ed into the shift register in phase 520, they will be accu- 
mulated into the shift register until the last pixel of a sam- 
ple image enters the shift register, phase 530. 
[001 6] When the last pixel of a sample image is sh ifted 
into the shift register, the shift register will be read. Thus 
the charges in the shift register are shifted by one step 
towards the output node, 540. If the charge that is shifted 
to the output node does not represent data of a sample 
image in phase 545, the output node is cleared, 546. 
When charges representing a sample image are shifted 
into the output node in phase 540, they will be accumu- 
lated into the output node until the charges of a sample 
image enters the output node in phase 550. When the 
last charges of a sample image are shifted into the out- 
put node, the output node will be read, phase 560. The 
'clearing' of the shift register and the output node can 
be made simply by shifting the charges away from the 
charge well. It is also possible that the charge data that 
does not represent the sample images is collected and 
measured, but not used for the calculation of the inten- 
sity of the sample radiation. 

[0017] If there is still sample data in the shift register 
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in phase 570, the phases 540-560 are repeated. When 
all the sample data is collected from the shift register, it 
will be checked, whether all sample data is collected 
from the parallel register, phase 560. If there is still sam- 
ple data in the parallel register in phase 580, the phases s 
520-570 are repeated. When all the sample data is col- 
lected from the parallel register the CCD can be ex- 
posed for a new measurement, if necessary. 
[0018] It should be noted that, although the binning 
factor preferably equals the number of pixels in the cor- 10 
responding direction within the sample well image, also 
other, especially smaller binning factors can be used. 
Furthermore, the binning factors for the rows and col- 
umns of the parallel register do not need to be equal. 
The wells on the well plate are preferably right angled, is 
One well plate may also include wells of different sizes. 
However, in order to achieve a maximal accumulation 
of charges, one of the edges should be of the same size 
in all wells. 

[001 9] In the inventive arrangement an ordinary CCD 20 
unit can be used. However, the charge capacities of the 
shift register and the output node must be designed ac- 
cording to the sample well size, ie. the maximum 
number of accumulated pixels. However, in case the 
samples are small and the radiation intensity from a 2s 
sample is not high, it is not a problem to achieve an ad- 
equate charge capacity. On the other hand, when targe 
samples are measured, it is not necessary to accumu- 
late charges from all pixels of one sample, but the pixels 
can in that case be accumulated in several parts. 30 
[0020] It should also be noted that the "shift register" 
of the CCD unit can be separate from the parallel reg- 
ister, or a column at the edge of the parallel register can 
also function as a shift register, because the charges of 
the parallel register can usually be shifted in both hori- 35 
zontal and vertical directions. It is thus possible also to 
divide the CCD pixel matrix in functional blocks by hav- 
ing several columns of the pixel matrix functioning as a 
readout serial shift register, each shift register having a 
separate output charge well. This way the efficiency of 40 
readout process can be increased. 
[0021 ] I n order to maximize the advantages of the in- 
ventive solution, the image matrix of the sample wells 
should be positioned parallel in relation to the matrix of 
the pixels of the CCD unit. as 
[0022] Usually the system has the information on the 
size and positions of the wells in the well plate that is 
used in the measurement. However, it is also possible 
to take a preliminary image from the sample well with 
the measuring equipment and using the image to deter- so 
mine the positions and sizes of the sample wells for fur- 
ther measurements. This way it would be possible to use 
different kind of well plates and it would not be neces- 
sary to input manually the information on type of each 
well plate. 55 
[0023] The control of the measuring process in a pho- 
tometries device takes place in an arrangement of 
processing capacity in the form of microprocessors) 



and memory in the form of memory circuits. Such ar- 
rangements are known as such from the technology of 
CCD devices and relating equipment. To convert a 
known photometries device into an equipment accord- 
ing to the invention it is necessary to store into the mem- 
ory means a set of machine-readable instructions that 
instruct the microprocessor(s) to perform the operations 
described above. Composing and storing into memory 
of such instructions involves known technology which, 
when combined with the teachings of this patent appli- 
cation, is within the capabilities of a person skilled in the 
art. 

[0024] Above, an embodiment of the solution accord- 
ing to the invention has been described. The principle 
according to the invention can naturally be modified 
within the frame of the scope defined by the claims, for 
example, by modification of the details of the implemen- 
tation and ranges of use. 

[0025] It is especially to be noted that the invention is 
not in any way restricted to the applications of measur- 
ing sample radiation, but it can be used in many either 
applications as well. The invention can be, for example, 
used in any CCD imaging equipment, where the reso- 
lution and accuracy requirements depend on the posi- 
tion within the image. Thus any details from the image 
can be identified and the accuracy of intensity informa- 
tion within the selected detail can then be improved by 
binning the pixels within the selected detail of the object 
image. 

[0026] In the field of photometric sample measure- 
ments the present invention is not in any way limited to 
applications where sample excitation is used, but the in- 
vention can also be used in measurements that are 
based, for example, on luminescence. 



Claims 

1. A method for measuring radiation from an object 
with a charge coupled device comprising a matrix 
of pixels arranged in rows and columns, in which 
method 

the radiation creates charges to the charge 
wells of the pixels (510), 

- charges from a column of the pixels is shifted 
to a shift register (520), 

- the charges in a shift register are shifted to an 
output charge well (540), 

- the charge is measured from the output charge 
well (560) and 

charges from at least two pixels are accumulat- 
ed into the output charge well (520, 540), 

characterised in that the pixels whose charges are 
accumulated are determined on the basis of the po- 
sition and the dimension of a detail in the object 
(525, 530, 545 550). 
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2. A method according to claim 1 , characterised in 
that the charges from pixels that receive radiation 
substantially from the same detail are accumulated 
(530, 550). 

5 

3. A method according to claim 1 or 2, characterised 
in that the detail is a sample or well on a well plate. 

4. A method according to claim 3, characterised in 
that the charge wells receiving radiation substan- 10 
tially from an object area between two adjacent 
sample wells are ignored (526, 546). 

5. A method according to any of the previous claims, 
characterised in that the charge capacity of the is 
shift register and/or the ouput charge well is de- 
signed on the basis of the maximum size of said 
detail of the object. 



11. An arrangement according to any of claims 7-10, 
characterised in that it comprises means for form- 
ing a preliminary image of the object is formed and 
means for determining said position and/or said di- 
mension of a detail in the object from said prelimi- 
nary image. 



6. A method according to any of the previous claims, 20 
characterised in that a preliminary image of the ob- 
ject is formed and said position and/or said dimen- 
sion of a detail in the object is determined from said 
preliminary image. 

2S 

7. An arrangement for measuring radiation from an 
object comprising a charge coupled device with a 
matrix of charge wells arranged in rows and col- 
umns of pixels, the arrangement comprising 

30 

a shift register for receiving charges from a col- 
umn of the parallel register pixels, 

- output well for receiving charges from the shift 
register, 

- means for measuring the charge from the out- 3S 
put well and 

- means for accumulating charges from at least 
two pixels, 



characterised in that the arrangement further com- 40 
prises means for determining the accumulated pix- 
els on the basis of the position and the dimesion of 
a detail in the object. 



8. An arrangement according to claim 7, character- 45 
ised in that it comprises means for accumulating 
the charges from pixels that receive radiation sub- 
stantially from the same detail. 

9. An arrangement according to claim 7 or 8, charac- so 
terised in that said object is a well plate and said 
detail is a sample or well on a well plate. 

10. An arrangement according to claim 9, character- 
ised in that it comprises means for ignoring charges ss 
from the charge wells that receive radiation sub- 
stantially from an object area between two adjacent 
sample wells. 
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